Background: Adiponectin directly protects against cardiac remodeling. Despite this beneficial effect, most epidemiological studies have reported a negative relationship between adiponectin level and left ventricular mass index (LVMI). However, a positive relationship has also been reported in subjects at high risk of left ventricular hypertrophy (LVH). Based on these conflicting results, we hypothesized that the relationship between serum adiponectin level and LVMI varies with the risk of LVH.
Introduction
Adiponectin is a 30-kDa peptide hormone almost exclusively secreted by adipose tissue [1] . Adiponectin mediates insulin sensitivity in peripheral tissues and has protective effects against atherosclerosis [1, 2] . Adiponectin may also have cardio-protective effects by reducing fibrosis and apoptosis, improving energy metabolism and preventing myocyte hypertrophy [3] . Shibata et al. [4] reported that adiponectin reversed cardiac hypertrophy in wild-type and transgenic obese mice by directly influencing the fat and glucose metabolism in cardiac myocytes via the adenosine monophosphate activated-protein kinase signaling pathway. Several epidemiologic and clinical studies have also shown a link between low adiponectin levels and left ventricular hypertrophy (LVH) [5] [6] [7] [8] .
However, unlike animal studies, epidemiologic and clinical studies have often given conflicting results. In a study with kidney transplant patients, low adiponectin was not associated with the occurrence of LVH [9] . However, a recent cohort study found that adiponectin level was positively associated with left ventricular mass index (LVMI) after multivariate adjustments in subjects with hypertension and insulin resistance [10] . Studies in patients on dialysis have also shown a positive relationship between adiponectin level and LVMI [11, 12] . Moreover, adiponectin is frequently increased in congestive heart failure (CHF) and is considered a strong predictor of mortality in patients with CHF [13] [14] [15] . Whether adiponectin plays a protective or detrimental role in CHF remains unclear. However, considering its beneficial effects on the cardiovascular system, the increase in adiponectin in CHF might be part of a compensatory mechanism [15] . Hypertension, insulin resistance and dialysis are well-known risk factors for LVH, which is a key feature of cardiac remodeling in CHF. These findings suggest that the relationship between adiponectin and LVMI varies with the risk of LVH. Therefore, we investigated the difference in the relationship between adiponectin and LVMI in subjects with different severities and risks of LVH.
Subjects and Methods

Subjects
The Institutional Review Board of Hanyang University approved the design and procedures of this study. The Yangpyeong Cohort Study is a longitudinal, community-based cohort study evaluating the determinants of cardiovascular disease [16] . Yangpyeong County is a rural area located 45 km east of Seoul, the capital of South Korea. In this study, 5 of the 12 districts were selected as study areas, and residents over 40 years old were informed of the study. Between 2007 and 2009, 1,841 voluntary participants were recruited. Written informed consent was obtained from all of the participants prior to starting the study. Of the 1,841 participants, 1,414 were enrolled after completing a questionnaire about social and demographic information. Individuals with diabetes who were on insulin or oral hypoglycemic agents and individuals with severe cardiovascular diseases, decreased left ventricular systolic function or major organ dysfunction were excluded. The individuals also underwent a clinical examination and blood tests. The clinical examination included measurements of height, weight, blood pressure, brachial-ankle pulse wave velocity (baPWV) and transthoracic echocardiography. The blood tests included glucose, insulin, and lipid profiles and adiponectin level. The body mass index (BMI) was calculated using the following equation: BMI = weight/height 2 (kg/m 2 ). Obesity was defined as a BMI $25 kg/m 2 according to the guidelines for Asian populations [17] . Healthy subjects were defined as subjects without any of following conditions: hypertension, impaired fasting glucose, obesity and LVH. All the questionnaires and examinations were conducted by trained personnel using a structured questionnaire and protocol.
Blood Tests
Blood samples were collected in the morning after at least 8 hours of fasting. Serum glucose, creatinine, total cholesterol, triglycerides and high-density lipoprotein (HDL) cholesterol were measured using an ADVIA1650 Automatic Analyzer (Siemens, New York, USA). Non-HDL cholesterol was calculated from the total cholesterol by subtracting HDL. The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease study equation. An immunoradiometric assay with an insulin RIA kit (Biosource, Belgium) was used to measure serum insulin. The concentration of total adiponectin was obtained by a radioimmunoassay using a human adiponectin RIA kit (LINCO Research, Inc., Billerica, MA, USA). The homeostatic model assessment of insulin resistance (HOMA-IR) was calculated using the following equation:
HOMA{IRF asting insulin(mIU=L)|Fasting glucose(mg=dL)=405 The data are shown as the mean 6 SD or n (%). *different from the value in the healthy subject group. **different from the value in the no LVH group. ***different from the value in the mild LVH group. Log-transformed adiponectin (Log-ADPN) and Log-transformed HOMA-IR (Log-HOMA-IR) were used in our analysis to stabilize the distribution. High and low insulin resistance was defined as the first and fourth quartile of Log-HOMA-IR, respectively. Impaired fasting glucose was defined as fasting glucose $110 mg/dL.
Echocardiography and Measurement of Brachial-ankle Pulse Wave Velocity
Transthoracic 2D and guided M-mode echocardiography were performed on all of the subjects by a single cardiologist using a single echocardiography machine (ACUSON S2000, Siemens, USA) with a 2.5/2.0 MHz transducer. All of the measurements were collected using the standard methods specified in the guidelines of the American Society of Echocardiography [18] . M-mode images were obtained from the parasternal long-axis view at the level of or just below the anterior mitral leaflet. All of the Mmode measurements for calculating left ventricular mass (LVM) were made during end-diastole. The interventricular septal thickness (IVSd), left ventricular internal diameter (LVIDd) and left ventricular posterior wall thickness (LVPWd) were measured using the leading edge-to-leading edge method. LVM and LVMI were calculated using the following equations:
Mild LVH was defined as an LVMI $49 g/m 2.7 in males and an LVMI $45 g/m 2.7 in females, and moderate to severe LVH was defined as an LVMI $56 g/m 2.7 in males and an LVMI $52 g/m 2.7 in females, according to the recommendations of the American Society of Echocardiography [18] . Decreased systolic function was defined as an ejection fraction ,55% measured in M-mode.
Measurements of baPWV were collected from both sides using conventional methods with an automatic waveform analyzer (VP-2000, Colin Medical Technology Co., Komaki, Japan) after the subjects rested for at least 5 minutes in the supine position. Systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse rate and electrocardiogram were recorded simultaneously with baPWV. The average baPWV from both sides was used for the analysis. Low arterial stiffness was defined as the first quartile of baPWV, and high arterial stiffness was defined as the fourth quartile of baPWV.
Statistical Analysis
The subjects were stratified into four groups according to the severity of LVH: healthy subjects, no LVH, mild LVH and moderate to severe LVH. A one-way ANOVA with Bonferroni correction (Kruskal-Wallis test in case the data failed tests for homogeneity of variance) was performed to compare continuous variables (e.g., age, SBP, DBP, BMI, baPWV, LVMI, Log-ADPN 2 ), impaired fasting glucose and LVH. LVMI increases with the severity of LVH. Adiponectin in the healthy subjects is higher than in subjects without LVH, whereas adiponectin in subjects without LVH is lower than in subjects with moderate to severe LVH. LVMI, left ventricular mass index; LVH, left ventricular hypertrophy. doi:10.1371/journal.pone.0070246.g001 and Log-HOMA-IR). The chi-square test was used to compare the categorical variables (e.g., gender, impaired fasting glucose and hypertension). Pearson's correlations were performed to identify the simple correlations between LVMI and the other variables.
Stepwise multiple linear regression analyses were performed with the variables that correlated with LVMI to identify the variables that independently influenced LVMI. Hypertension, pulse pressure, impaired fasting glucose and baPWV were not included in the regression analysis because of their collinearity with other variables, such as age, SBP and BMI. Pearson's correlations were performed to identify the relationship between Log-ADPN and LVMI in various groups with different risks of LVH. Risk factors for LVH were determined based on the results of the correlation analyses. A logistic regression analysis was used to determine the odds ratios (ORs) of risk factors for LVH and to produce the risk scores for LVH. The interactions of each risk factor and the risk scores for LVH with the relationship between Log-ADPN and LVMI were tested using multiple linear regression analyses with the enter method. Log-ADPN and the risk scores for LVH were centered around their means to avoid collinearity. A stepwise multiple linear regression analysis was performed using the variables related to LVMI to identify the independent variables affecting LVMI in each group. The results are expressed as the mean 6 SD. Statistical significance was defined as p,0.05. All the statistical analyses were performed using SPSS 20.0 for Windows (IBM, New York, USA).
Results
Baseline Characteristics of the Study Population
The mean age of the study population was 61.14610.35 years, and 40.2% of all subjects were male. Impaired fasting glucose was present in 22.6% of the subjects, and hypertension was present in 44.4% of the subjects. The mean SBP and DBP were The baseline characteristics of the four groups according to the severity of LVH (healthy subject group, no LVH, mild LVH and moderate to severe LVH) are shown in Table 1 . The mean age, SBP, DBP, waist-hip ratio, BMI, eGFR, total and non-HDL cholesterol, baPWV, LVM and HOMA-IR in healthy subjects were lower than those in the no LVH group, whereas adiponectin and Log-ADPN in healthy subjects were higher than in the no LVH group. The frequencies of female gender, impaired fasting glucose and hypertension increased with the severity of LVH. The mean age, SBP, BMI, baPWV, LVM and LVMI also increased with the severity of LVH, whereas DBP, waist-hip ratio, total and non-HDL cholesterol and HOMA-IR did not change among the no LVH, mild LVH and moderate to severe LVH groups. Adiponectin and Log-ADPN in the moderate to severe LVH group were higher than those in the no LVH group.
Relationship between the Log-ADPN and LVMI
LVMI gradually increased with the severity of LVH. However, the adiponectin level showed a biphasic distribution; a decrease in the no LVH group compared to the healthy subjects and an increase in the moderate to severe LVH group compared to the no LVH group (Figure 1) . LVMI positively correlated with BMI, SBP, age and Log-HOMA-IR, negatively correlated with male gender and did not correlate with Log-ADPN ( Table 2 ). In a stepwise multiple linear regression analysis, LVMI was positively associated with BMI, age, SBP and Log-ADPN and was not associated with Log-HOMA-IR or male gender. BMI was the strongest determinant of LVMI, whereas Log-ADPN was only a 
Correlation between Log-ADPN and LVMI in Groups with or without Risk Factors for LVH
In the univariate logistic regression analysis, the risk factors for LVH were hypertension (OR 2.52, p,0.001), obesity (OR 2.96, p,0.001), age $50 (OR 2.25, p,0.001) and high arterial stiffness (OR 1.89, p,0.001). Log-ADPN and LVMI negatively correlated in subjects ,50 years old, and this negative correlation was stronger in normotensive subjects ,50 years old. Log-ADPN and LVMI positively correlated in subjects with hypertension, obesity or high arterial stiffness, whereas they did not correlate in subjects without hypertension or obesity or in subjects with low arterial stiffness. The positive correlation between Log-ADPN and LVMI was stronger when multiple risk factors for LVH were present ( Table 3) .
Interaction of Risk Factors for LVH with the Relationship between Log-ADPN and LVMI
Two different scoring methods for assessing the risk of LVH were used. In scoring method 1, the risk factors were age $50 years, high arterial stiffness and obesity. In scoring method 2, the risk factors were age $50 years, hypertension and obesity. LVMI gradually increased with the number of risk factors. The mean adiponectin level in subjects with one risk factor was higher than that in the other subjects, but there were no differences among mean adiponectin levels in the other subject groups. The OR gradually increased with the number of risk factors, and the increments were roughly similar between consecutive groups based on the number of risk factors (Table 4 ). The correlations between the centered Log-ADPN and LVMI varied with the number of LVH risk factors in both scoring methods (Figure 2) . In subjects without risk factors, Log-ADPN negatively correlated with LVMI (r = 20.193, p = 0.041 in scoring method 2). However, the correlation between Log-ADPN and LVMI gradually changed from negative to positive with an increasing number of risk factors.
The positive correlation between Log-ADPN and LVMI was strongest in subjects with three risk factors for LVH based on scoring methods 1 and 2 (r = 0.190, p = 0.028 and r = 0.155, p = 0.007, respectively). Age $50, hypertension, obesity and high arterial stiffness significantly interacted on the relationship between Log-ADPN and LVMI. There were also significant interactions of the number of LVH risk factors on the relationship between Log-ADPN and LVMI in both scoring methods (Table 5) .
Stepwise Multiple Regression Analysis for LVMI in Subjects with a High or Low Risk of LVH Log-ADPN was not associated with LVMI in subjects without hypertension or obesity or in subjects with low arterial stiffness. However, Log-ADPN was positively associated with LVMI in subjects with hypertension (b = 0.095, p = 0.020), obesity (b = 0.121, p = 0.001) or high arterial stiffness (b = 0.192, p,0.001) ( Table 6 ).
Discussion
Main Findings
We found that the relationship between Log-ADPN and LVMI varied with the risk of LVH. The crude correlation between Log-ADPN and LVMI was not significant in the entire study population, whereas a modest positive association between adiponectin level and LVMI was observed in the stepwise multiple linear regression analysis. This could be explained by the biphasic distribution of serum adiponectin level and Log-ADPN to increasing LVMI. In subjects at low risk of LVH, Log-ADPN was either negatively or not significantly associated with LVMI. In contrast, for subjects at high risk of LVH, Log-ADPN positively correlated with LVMI. The positive relationship between Log-ADPN and LVMI was stronger with an increasing number of LVH risk factors. This trend was also supported by the interaction of the number of LVH risk factors with the relationship between Log-ADPN and LVMI and the positive association between Log-ADPN and LVMI in multiple linear regression analyses, which was only observed in subjects at high risk of LVH. These two different relationships between adiponectin level and LVMI indicate different mechanisms that influence adiponectin production in subjects at different risk of LVH. Relationship between Plasma Adiponectin Concentration and LVMI Low serum adiponectin is common in subjects with obesity, insulin resistance, hypertension or atherosclerotic disease. Adiponectin may prevent the development of metabolic and atherosclerotic disorders. However, low adiponectin is currently considered a manifestation of insulin resistance and inflammation of fat tissue and a predictor of future cardiovascular events [19, 20] . A recent study showed that endoplasmic reticulum stress in the adipose tissue of obese mice down-regulated adiponectin production [21] .
Adiponectin also plays an important role in myocardial remodeling [3, 15] . Animal studies have shown that adiponectin has a direct protective effect on myocardial hypertrophy [4, 22, 23] . Most clinical studies have also reported a negative relationship between adiponectin and LVMI [5] [6] [7] 24] . However, a positive relationship between the adiponectin level and LVMI has been reported in a few studies performed on patients who are receiving dialysis or have diabetes and who are at a higher risk of LVH than the general population. In the Jackson Heart Study, a positive relationship was also observed in subjects with hypertension and insulin resistance, which are well-known risk factors for LVH, whereas negative relationships were observed in the other subjects. Furthermore, the study was performed in an African American population, which has a higher prevalence of LVH relative to other ethnic groups [25] . Similarly, in our study, a positive relationship between the adiponectin level and LVMI was found in subjects at high risk of LVH, whereas no relationship or a negative relationship was found in subjects at low risk of LVH.
Our data demonstrate that there was a biphasic distribution of adiponectin level with increasing LVMI. A recent study in spontaneously hypertensive rats also showed a biphasic distribution of plasma adiponectin accompanying the progression of LVH [26] . The authors emphasized that adiponectin decreases with LVH progression and then increases after systolic dysfunction develops. However, in their data, LVM continuously increased as adiponectin level fluctuated biphasically. Their study was the first to propose a biphasic nature for the adiponectin level during the progression of LVH. To our knowledge, our work is the first epidemiological study reporting a similar trend. The correlations between the adiponectin level and LVMI in the healthy subject group and the moderate to severe LVH group were subtle and insignificant, although a negative and a positive correlation, respectively, were expected. This may be related to the direct and indirect range restriction of LVMI, because the severity of LVH almost horizontally divided the range of LVMI [27] . Reducing the range of LVMI may affect the strength of the correlation between the adiponectin level and LVMI. The adiponectin level in the groups with no risk factor for LVH was lower than in the group with one risk factor, although we expected it to be higher. However, because the adiponectin level is influenced by age, gender, obesity and insulin resistance, and the association between the adiponectin level and LVMI is rather modest, the adiponectin levels could be different from the expected levels. In particular, unlike the healthy subject group, the group with no risk factor for LVH consisted of subjects younger than 50 years old, which most likely influenced the adiponectin levels.
Signaling between the Myocardium and Adipose Tissue
Increased adiponectin has been frequently associated with both systolic and diastolic heart failure. The mechanism for this paradoxical increase in adiponectin in CHF is still unclear. The cardiac myocyte may be a source of adiponectin [22] . However, ectopic adiponectin secreted from the myocardium is unlikely to increase plasma adiponectin because myocardial adiponectin production is decreased in patients with CHF and in an animal model of LVH [28, 29] .
Instead, increased adiponectin in CHF is thought to be a compensatory mechanism against left ventricular remodeling, which involves BNP [15] . Increased BNP in CHF enhances adiponectin production from adipose tissue [30] . There is a considerable overlap between LVH and diastolic heart failure with preserved systolic function, and BNP is a well-known marker of LVM, even in subjects without systolic dysfunction [31] . Subjects with hypertension, insulin resistance, obesity or high arterial stiffness are more likely to have elevated BNP than healthy subjects [32] [33] [34] . Therefore, as in patients with CHF, the underlying mechanism for the positive relationship between the adiponectin level and LVMI observed in subjects at high risk of LVH may be associated with increased BNP. However, because there are no available data for BNP levels, further studies are necessary to elucidate the involvement of BNP in the mechanism of the relationship between the adiponectin level and LVMI in subjects at high risk of LVH.
Currently, high adiponectin is thought to be a predictor of low risk for future cardiovascular events [19] . In contrast, in patients with CHF, high adiponectin is an indicator of higher cardiovascular mortality [13] . Our study showed that higher adiponectin could also be an indicator of more severe myocardial remodeling in subjects at high risk of LVH, even without overt CHF. The positive relationship between adiponectin and LVMI may also suggest a compensatory response of adiponectin to myocardial remodeling in subjects at high risk of LVH. Finally, regardless of the risk group of LVH, the adiponectin level explained less than 5% of the variability in LVMI. Currently, no data are available on the influence of high adiponectin on the survival of patients with LVH or with CHF. However, this weak relationship may explain why high adiponectin does not improve the survival of patients with CHF, despite all of the beneficial effects of adiponectin on the cardiovascular system [14] .
Study Limitations
The Yangpyeong Cardiovascular Cohort was located in Yangpyeong County, a rural area of the country with a rapidly developing economy. Because of its regional nature, the population was generally older and had a higher prevalence of insulin resistance and a higher proportion of females compared to the populations of previous studies. Therefore, our results may contain a referral bias. Our study is cross-sectional and thus does not contain outcome or survival data. A longitudinal study is necessary to determine whether adiponectin is a bystander or an active agent in myocardial remodeling. BNP levels were not investigated in our study. Because BNP has been suggested to be a regulatory signal between the myocardium and adipose tissue, a multiple regression analysis, including adiponectin and BNP, would be useful to reveal the influence of BNP on adiponectin production.
In conclusion, the relationship between adiponectin level and LVMI varies with the risk of LVH. In subjects at low risk of LVH, the adiponectin level negatively correlates with LVMI. In contrast, the adiponectin level is positively associated with LVMI in subjects at high risk of LVH. These two different relationships between adiponectin level and LVMI may indicate different mechanisms that influence adiponectin production by adipose tissue according to the risk of LVH. Further investigations are required to elucidate these mechanisms.
